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fstamary: Tryptophan and kynurenine were 
measured retrospectively in sera of 1 1 mal e 



"pitifn^'i *vittl aHvan ^ eH biiman immunodefi- 
^qencyvin^ (HIV) infectio n (Walter Reed stages 
f^and 6). Tryptophan levels are significantly re - 
S lrifced to less than 50% in patients with HIV in- 
fection and kynurenine levels significantly ele - 
^ifgted when compared to sex and age matched 



controls. The decrease of tryptophan levels 
might contribute to neurologic symptoms often 
associated with HIV infection. Since interferon- 
7 induces degradation of tryptophan via the 
kynurenine pathway, the present results ma y 
be consistent with enhanced endogenous pro - 
duction of interferon-7 in advanced HIV infec - 
tion. 



^Tryptophan-Abbau bei HIV-infizierten Patienten 

; ; ; f Zusammenfassung: Tryptophan und Kynuremn 
■J^^urden retrospektiv im Serum von 1 1 Patienten 
^i^le mannlich) mit fortgeschrittener HlV-Infek- 
-||tion (Walter-Reed-Stadium 4 bzw. 6) bestimmt. 
^Tryptophan war verglichen mit Gesunden glei- 
>||chen Geschlechts und Alters signifikant ernied- 
; j|Mt und Kynurenin erhoht. Die beobachteten \ 
^niedrigen Tryptophanwerte konnten zu den 



neurologischen Symptomen beitragen, die haufig 
bei HIV-Infizierten auftreten. Da Interferon-7 
den Tryptophanabbau iiber Kynurenin als 
Zwischenprodukt induziert, sind unsere Ergeb- 
nisse mit Berichten iiber vermehrte Produktion 
von Interferon-7 bei Patienten mit fortgeschrit- 
tener HIV-Infektion vereinbar. 



J^^ords: Degradation of tryptophan, kynurenine, neopterin, infection by human immunodeficiency virus, endo* 
t- : ^^? us interferon-7. 



r \§S5?t deal °f evidence has accumulated within 
like jast few years demonstrating that early steps 
Macrophage interaction are activated in 
Patients with AIDS. This observation is sup- 
ped by several findings among them highly 
<|ted levels of neopterin, a product of inter- 
_^:7-activated macrophages, in urine 1 1 } , 
^^Ig 1 and cerebrospinal fluid 141 of patients 

IS- 



with AIDS. In addition, interferon-7 was de- 
tected in sera of AIDS patients 151 . Interferon-7 
is known to induce tryptophan degradation via 
the kynurenine pathway . In vitro 161 as well as In 
vivo 1 ^ 81 the degradation of tryptophan corr e- 
lates to increased synthesis of neoptejl n. Thus, 
degradation of trypotphan via the kynurenine 
pathway can be expected to occur in patients 



Rr ^man immunodeficiency virus;AIDS, acquired immunodeficiency syndrome; ARC, AIDS-related complex; 
%&? Iter Reed Staging classification; HPLC, high-performance liquid chromatography. 
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EXHIBITS 



with advanced HIV infection. We have examined 
retrospectively tryptophan and kynurenine con- 
centrations in sera of patients infected by HIV 
and compared to neopterin concentrations. We 
have found significant decrease of tryptopha n 
levels in patients which, bv its imp^t on 
serotonin metabolism, might contribute to 
neurologic symptom s often associated with 
HIV infection. 



Patients and Methods 

Eleven male patients, aged 39 ± 10 years, were classified 
to stages WR4 (n = 5) and WR6 (n = 6) according to the 
Walter Reed staging classification! 9 ]. The control group 
consisted of eleven male blood donors, aged 40 ± 12 
years. Kynurenine, neopterin and creatinine were 
analysed in sera by HPLd 10 '. Kynurenine was detected 
by fluorescence (excitation 353 nm, total emission) and 
ultraviolett absorption (260 nm) with a detection limit 
of 1 fimol/l, neopterin and creatinine were determined 
as described* 10 !. The sum of free and protein-associated, 
but not covalently bound tryptophan, was measured in ' 
serum diluted with a ten-fold volume of aqueous 0.9% 
sodium chloride by HPLC as described! 6 !. P-values for 
statistical significance were computed by Student's 
f-test and confirmed by Mann Whitney {/-test. All 
figures shown are means ± standard deviations. 



Results 

Comparing patients to controls, serum levels of 
tryptophan are decreased to less than 50% and 
serum levels of kynurenine are elevate^ . Thus, 
the ratio of tryptophan per kynurenine drop s 
by a factor of three (see table). Mean levels of 
neopterin in serum are eight times higher in 
patients than in controls. All differences are 
highly significant (see table). The degree of signi- 
ficance remains unchanged when the levels are 



related to the concomitantly measured crea-^ 
tinine, which is lower in the patients with -1 
HIV-related disease (70.9 ± 1 1.7 /imol//) thai 
in the. controls (101.7 ± 17.6 fimol/l). 
The figure displays the individual concentra-1 
tions of tryptophan, kynurenine and neopterl 
Whereas, kynurenine levels show some overlap* 
all tryptophan levels are lower and all neopterj 
levels are higher in patients compared to con-^ 
trols. 4 



Discussion 



f 

f 



The increase of kynuren ine and the decrease o 
tryptophan, which remained significant uponl 
relating levels to creatinine, provide eviden ce! 
that the lower tryptopha n levels of the patient 
infected by HIV originate from tryptophan del 
gradation via the kynurenine pathway rathe r 4 
than from secondary phenomena such as after! 
Utilization of dietary tryptoph an Th P finHi^| 
increased levels of arginine and glutamate 111 *^ 
underlines that the depletion of tryptophan "re5 
fleets a specific phenomenon rather than a -j! 
general decrease of amino-acid levels in HIV-f 
infected patients. Since interferon-7 induces 4 
tryptophan degradation via the kynurenine -fj 
pathway [6 ^ 8 i ? the data presented in this work! 
may be consistent with enhanced endogenous! 
interferon-7 production in advanced infection^ 
by HI V [S J . The extent of the ^ r ^tinnnf | 
tryptophan and of raised levels of neopter in iff 
found in HIV-infected patients correspond taL 
Vesults obtained after a dministrati on of inter -l 
feron-7 to cancer patient s 1 ^ if 

The observed catabolism of tryptophan might| 
contribute to neurologic symptoms often ijL 
accompanying HIV infection by withdrawal ofj 
the tryptophan required for serotonin synthes 



Table. Tryptophan kynurenine and neopterin concentrations in sera of AIDS and ARC patients compared to blood donors (figured 
are means ± standard deviation). v * -d 





Patients 


Controls 


P* 


Numbers of subjects 


11 


11 






39 ± 10 


40 ±12 




Tryptophan |nmol//| 


44.8 i 8.4 


91.0 ±22.0 


< 0.0001 


Kynurenine |pmol//] 


3.53 ± 0.89 


2.31 ± 0.77 


0.003 


To'ptophary kynurenine 


13.4 ♦ 3.7 


42.5 ± 13.7 


< 0.0001 


Neopterin |nmol//l 


39.1 ± 17.0 


4.5 ± l.s 


< 0.0001 
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Ifimol//] 



Kynurenine 
|Mmol//l 



Neopterin 
[nmol//| 
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100- 
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SfFieure. Serum concentrations of tryptophan, 
js Uvnurenine and neopterin. 
Wo Blood donors; A patients infected by HIV. 
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|jhe concentrations of serotonin in brain physio- 
logically depend on plasma tryptophan levels 1121 , 
'which we show here to be substantially de- 
creased in advanced infections by HIV. Further, 
several findings render plausible that in addi- 
tion to the observed decrease of tryptophan 
f levels in peripheral blood, tryptophan will also 
^be degraded in the central nervous system. Im- 
fmunologic reactions against HIV in the brain 
|have been demonstrated in AIDS patients with 
neurologic symptoms* 131 . It is to be anticipated 
| that this reactions might be accompanied by in- 
laeased endogeneous production of interferon-? 
|in the brain. This assumption is supported by 
^extremely high neopterin levels observed in the 
" cerebrospinal fluid of AIDS patients 141 . Thus, in 
addition to the impaired supply of tryptophan 
gfrom the periphery, further decrease of trypto- 
phan likely occurs in the brain in case of intra- 
cerebral viral infection leading to a severely 
impaired brain serotonin metabolism, which is 
associated with a variety of neurologic symp- 
toms 1 14 - i6 i. We suggest, therefore, that the 
^disorder of the brain serotonin metabolism due 
|to decrease of tryptophan levels should be con- 
sidered as a potential source of neurologic symp- 
toms in patients infected by HIV. The proposed 
| v njechanism can easily explain several features of 
^HIV-related neurologic symptoms, for example 
L tlle striking coincidence of acute encephalopathy 
l^ith seroconversion for HIV 1 171 . To what extent 
!£°ncomitant infections contribute in addition 
J° HIV to the tryptophan degradation observed 



|here 



remains to be elucidated. In any event, our 



|Pkservations might provide a rationale for the 
y^rapy of neurologic symptoms in AIDS. 



ft 

A 

A 



2- 



75- 



50- 



25 



A 
A 
A 
A 



A 
A A 



This work was supported by the Austrian Research 
Funds „Zur Forderung der wissenschaftlichen For- 
schung", project P6036M. 

Literature 

1 Wachter, H., Fuchs, D., Hausen, A., Huber, C, 
Knosp, O., Reibnegger, G. & Spira, T.J. (19S3) 
Hoppe-Seyler's Z. Physiol Chem. 364, 1345-1346. 

2 Kern, P., Rokos, H. & Dietrich, M. ( 1 984) Biomed. 
Pharmacother. 38,407. 

3 Fuchs, D., Reibnegger, G., Wachter, H., Jager, H., 
Popescu, M. & Kaboth, W. (\9S7) Ann. Intern. 
Med. 107, 784-785, 

4 Smith, I., Howells, D.W., Kendall, B., Levinsky, 
R. & Hyland, K. (1 987 ) Lancet ii, 215. 

5 Harrer, T., Messing, K., Bienzle, U;, Meyer, E., 
Giedl, J. & Kalden, J.R. ( 1 987) Klin. Wochenschr. 
65,864-872. 

6 Werner, E. R., Bitterlich, G., Fuchs, D., Hausen, A., 
Reibnegger, G., Szabo, G., Dierich, M.P. & Wachter, 

_ H. (1987) Life Sci. 41, 273-280. 

(j} Byrne, G. I., Lehmann, L.K., Kirschbaum, J.G., 

Borden, E.C., Lee, CM. & Brown, R.R. (1986) 

J. IFN. Res. 6, 389-396. 

8 Datta, S.P., Brown, R.R., Borden, E.C., Sondel, 
P.M. & Trump, D.L. (\9Sl)Proc. Am. Assoc. 
Cancer Res. 28, 338. 

9 Redfield, R.R., Wright, D.C. & Tramont, E.C. 
(1 986) N. Engl. J. Med. 314, 131-132. 

10 Werner, E.R., Fuchs, D., Hausen, A., Reibnegger, 
G. & Wachter, H. (1987) Clin. Chem. 33, 2028- 
2033. 

1 1 Droge, W., Eck, H. P., Naher, H., Pekar, U. & 

Daniel, V. (1988) Biol. Chem. Hoppe-Seyler 369, 
143-148. 

12 Fernstrom, J.D. & Wurtman, R.J. (197 1 ) Science 
173, 149-152. 

13 Resnick, L., DiMarzo-Veronesse, F., Schiipbach, J., 
Tourtellotte, W.W., Ho, D.D., Muller, F., Shapshak, 
P., Vogt, M., Groopman, J.E., Markham, P.D. & 
Gallo, R.C (1985)M £>ig/. J. Med. 313, 1498- 
1504. 



14 Stanley, M. & Mann, J.J. (1983) Lancet i, 214-216. 

15 H.M. von Praag {\9 82) Lancet ii, 1259-1264. 

16 Anonymus (1987) Lancet ii, 949-950. 



17 Came, C. A., Smith, A., Elkington, S.G., Preston 
F. E., Tedder, R. S., Sutherland, S., Daly, H.M. & 
Craske, J. (1985) Lancet ii, 1 206- 1 208. 



Ernst R. Werner, Dietmar Fuchs, Arno Hausen, Gilbert Reibnegger, Gabriele Werner-Felmayer and Helmut Wachter* 
Institut fur Medizinische Chemie und Biochemie, 
Fritz-Pregl-Str. 3, A-6020 Innsbruck; 

Manfred P. Dierich, Institut fur Hygiene, 
Fritz-Pregl-Str. 3, A-6020 Innsbruck; 

Hans Jaeger, Arbeitsgruppe AIDS, I. Medizinische Abteilung, Stadtisches Krankenhaus Munchen-Schwabing, 
Kolner Platz 1, D-8000 Munchen 40. 

* To whom correspondence should be addressed. 



■m 



